Abstract-The data on the polymerization of N vinylpyrroles published for the most part during the past decade are systematized and summarized. Radical, cationic, and anionic polymerization of the mentioned monomers, which became easily accessible owing to the discovery and systematic development of their direct one step synthesis from ketoximes and acetylene in the superbasic catalytic system KOH/DMSO (the Trofi mov reaction), are discussed. Special attention is given to the physicochemical properties of the polymers (conductivity, paramagnetism, photosensitivity, and optical characteristics).
INTRODUCTION
Interest in the chemistry of pyrroles, specifically N vinylpyrroles, is continuously increasing. Two fun damental monographs [1, 2] highlighting various aspects of the chemistry and physical chemistry of pyr roles were published more than three and a half decades ago. Since then, the stream of general and analytical publications devoted to the synthesis, reac tivity, and properties of compounds of the pyrrole series has grown . This fact reflects the ever increasing comprehension of the important role that pyrrole structures play in biochemistry, the search for drugs, and the creation of modern high tech materi als. Accordingly, the steam of journal publications, for example, [40] [41] [42] [43] [44] , related to the diverse lines of pre parative, theoretical, and applied chemistry of pyrrole is growing.
The still almost unknown N vinylpyrroles are interesting but poorly studied monomers for the prep aration of the corresponding polymers and oligomers with a set of properties useful for practice.
Although N vinylpyrroles show promise for prac tice, the preparation of these monomers and their polymerization have been hampered for a long time by their difficult synthesis. The situation changed abruptly after the discovery and beginning of the sys tematic elaboration of the reaction of ketoximes (the simplest ketone derivatives) with acetylene in superba sic catalytic systems (of the KOH/DMSO type) to yield the formation of pyrroles and N vinylpyrroles via one step of preparation (one pot synthesis) [4-7, 9-16, 18, 22, 23, 29, 35, 45] . This synthesis is included in monographs [17, 46] , encyclopedias [47] , and manu als [48, 49] as the Trofimov reaction [47, [50] [51] [52] [53] ). Expensive and exotic N vinylpyrroles became inex pensive and accessible monomers of the pyrrole series.
At present, these compounds have become the subject of intense research of many scientific teams as prom ising monomers, intermediate products for fine organic synthesis, and drug precursors [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] [65] [66] [67] .
Accessible substituted pyrroles and N vinylpyrroles have become a rewarding field of testing and applica tion of modern concepts of theoretical chemistry and reactivity [7] .
The polymers of N vinylpyrroles show promise as a basis for the design of new special semiconductor and photosensitive materials and diverse charge transfer complexes às well as synthetic dyes and pigments whose properties are close to those of natural dyes and pigments. For example, N vinylpyrrole is used to pre pare conducting ladderlike polymers [68] . They are synthesized through the polymerization of N vinylpyrrole via double bonds followed by oxidation of pyrrole fragments [69, 70] . Recently, the oxidative polymerization of N vinylpyrrole in the presence of FeCl 3 was performed and the resulting soluble poly mers were found to show high optical absorption in the visible region and strong luminescence both in solu tion and in the solid state [71] . The polymers of N vinylpyrrole and of several methyl substituted vinylindoles were synthesized in order to replace poly vinylcarbazole, which is usually used in organic pho torefractive materials [72, 73] This review is devoted to the analysis and summa rization of the data on the polymerization (radical, cationic, and anionic) of N vinylpyrroles that were obtained for the most part during the past decade and which were not included in previous monograph [7] and review [8] . In some cases, earlier studies are cited for the sake of comparison. Special attention is given to the discussion of the physicochemical properties of the polymers and oligomers in terms of their use in practice.
RADICAL POLYMERIZATION
OF N VINYLPYRROLES The radical polymerization of N vinylpyrroles has become the subject of systematic studies since the dis covery of their one step synthesis from ketoximes and acetylene [7, 45] . The synthesis of new pyrrole con taining polymers is stimulated by their potential value for practice (e.g., as components of semiconductor and photosensitive materials for electrophotography, holography, etc. [68] [69] [70] 74] ).
The homopolymerization of N vinylpyrroles was studied in [75] [76] [77] [78] [79] . The reaction was initiated by AIBN (2-5 wt %) or UV radiation (for N vinyl 2 phenylpyrrole [76] ); the reaction temperature was 60-80°C. As a result, linear oligomers containing polyeth ylene units in the main chain and alkyl(aryl)pyrrole groups in side chains were synthesized.
(1)
Here, R 1 = Ph, 1 naphthyl, or 2 naphthyl; R 2 = H, Ph, n С 5 Н 11 , n С 7 Н 15 , or n С 9 Н 19 ; and R 3 = H or Ph.
The oligomers show solubility in organic solvents (benzene, acetone, chloroform), their yields lie in the range 11-92% (depending on the substituents of the pyrrole ring and the conditions of polymerization), and their molecular masses do not exceed 3000.
The low degrees of polymerization of the oligomers are probably due to the attack of growing radical A at the neighboring phenyl group, which is accompanied by the formation of less radical species B, in which spin is distributed also over the benzene ring [77] .
(2) Similar reactions of spin transfer to the neighboring heteroatomic group were observed in the radical poly merization of N vinylindole and its substituted deriv atives [80] . The formation of additional cyclic struc tures in the polymerization of N vinylpyrroles is con sistent with the data on their cyclopolymerization [81] , which confirm that the change in entropy in intramolecular cyclization reactions is smaller than that in intermolecular chain growth reactions. Stabler and longer lived macroradical B may be involved in macrochain transfer to the monomer along with the primary growing radical; as a result, end groups of types C and D form.
(3)
The presence of the aromatic substituent in posi tion 2 of the pyrrole ring (N vinyl 2 phenylpyrrole) leads to the steric shielding of N vinyl groups and, as a consequence, to the low activity of the monomer in radical polymerization. (The yield of oligo(N vinyl 2 phenylpyrrole) does not exceed 40%; M = 2100-3000 [76] .)
The low activity of N vinyl 2,5 diphenylpyrrole (a yield of no more than 11%; M = 1400 [75] ) is probably due to the limited accessibility of the monomer to the initiating growing radical shielded by phenyl groups.
Because of the spatial interaction between substit uents, the introduction of substituents into position 3 
